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Of all the clen.ents of the physical environment rainfali 1s
by far the most important to Burma. 1t is upon the ran of
the monsoon scason thet the farmers of the country depend
for the production of the all imporvtant rvice. In the Ina-
waddy Delta, pictined ebove, the modest 1ain brought by the
carly monsoon soaks the fields and hevalds the beginning of
the agricultural year.




RAINFALL IN BURMA

Of all the eiements of the physical environment none is more important than
rainfall. In a country such as Burma where 75 perce~it of the population is engaged
in farming and where irrigation is but little developed, iife itself depends upon the
God-given rains. During half the year the land lies scorched and brown under the
cloudless sky. Stubble of the past season’s rice crop shares the fields with tiny
whirlwinds of dust which dance unchallenged across the horizon. Here and there
a water buffalo plods toward a tiny mud hole seeking relief for his parched and
aackirg hide. As far as the eye can see no human being stirs — for this is the
hot season. Men, plants and animals are almost in a state of suspended animation
— awaiting the rains.

In May when the first rains arrive, life quickens and once again has a meaning.
Trees break out in glorious flower, wild life emerges from hiding as if by magic
end the countryside is suddenly alive. Plows, harrows, mattocks and hoes are
wielded with 2 vengeance and the air is filled with song. The monsoon rains
have come!

The wonder of the monsoon has long fascinated man. The seasonal reversal
of winds has been known in Asia since antiquity — in fact the name monsoon is
derived from an Arabic word mausim, or “season”. Early traders understood the
facts of the monsoon winds and fook advantage of the reversa! to sail their difficult
to handle dhows from Southern Arabia to East Africa and back, one round trip
being accomplished each year.

The same winds are recognized today by the farmers of Burma and it is
around the resulting alternation of wet and dry pericds that agricuiture, and thus
life itself, revolves. The facts of the monsoon reversal may be well-known, but
the ultimate causes are only now beginning to be understood.

A usual but vastly oversimplified ard perhaps even incorrect explanation of
weather and climate in South and Southeast Asia depends almost entirely upon
the concept of differential heating of land and water. According to this theory the
broad land mass at the iatitude of the Tropic of Cancer becomes overheated in
the summer months. The heated air rises and causes a general surface flow of air
from the Indian Ocean in a northeasterly direction cnt~ *he land. Air is cooled by
a variety of mechanisms including orographic uplift or squeeze, frontal action and
convectional activity. Cooling of these moist air masses brings the monsoon rains.

During the low sun period excessive cooling of the land mass results in the
development of a high pressure center and the resuitant flow of air from land to
sea in a normal trade wind pattern. At this season the weather is clear and rainfall
is the exception. 1.

As more data is collected and more research is done climatologists and
meteorologists are more and more receptive to the idea of the Jet Streams as a
major control of the monsoon system over South and Southeast Asia. According to
this theory the Subtropical Jet Stream is subject to violent fluctuations from season
to season. During the “winter” this high altitude air stream flows at a location
approximately over the south slope of the main Himalaya Ranges. These rivers
iike flows of air move at speeds of 100 to 300 MPH and at elevations of 18,000
to 40,000 feet. Coriolis force tends to “spin off” air from these flows and o pile it
up to the right hand side of the path of air flow. Thus high pressure ridges,
extending all the way to the surface, develop to the south of the Jet Stream. This
high pressure causes a surface flow from land to water, from India-Pakistan-Burma
toward the Indian Ocean, and results in dry weather.

During summer months the Subtropical Jet Stream moves abruptly to the
north side of the Tibetan Plateau. Flow of air from the high pressure ridge is
blocked by the massive mountain ranges. A surface low develops at the heat
equator and the inter-tropical front moves to locations over india; thus the surface
flow of air is from the Arabian Sea-Bay of Bengal to the India-Parkistan-Burma land
mass, a reversal of “winter” conditions. These “summer” conditions are ideal for
producing heavy precipitation.

No matter whick explanation is accepted the resultant climatic pattern is
similar. Burma lies in an area subject to a rainfall pattern weli-known to aimost

1 For an example of this explanation used in a msjor text see: George B. Cressey, Asia’s lands and
Pooples, McGraw il 1963, pp 24-28




everyone. The monsoon climate involves five or six moaths of very heavy rainfali
followed by six or seven months of very dry conditions. This reinfall pattern is

the subject of investigation in tha present paper.

During the wet season over the hilly and mounteinous castern uplands 70 per-
cent cloud cover, such as is pictured here over Taunggyi, is the rule. Rainfall

comes in a sevies of showers, seme light and some heavy.




LANDFORMS AND RAINFALL

Tha surface features of Burma bear a very important relationship to the rain-
fall patisrn. In certain areas the main aiignment of mountain ranges lies directly
athwart the path <f the prevailing wind and thus produces considerable adiabatic
cocling anG vary heavy neecipitation on the windwerd slopes «uih marked rain
shacow effects on the lee sicpes. In other areas the convergence of mountain
chains produces an crograghic squeeze effect and this in turn induoes heavier thun
expected rainfall.

The surfaze feaiures of Burma sppear 10 be relatively simple and may easily

divided into four north-south belts each of which is significant to an under-
standing of 1the rainfall patterns. This simplicity of landform patierns exists despite
an extremoly complex underlying rock structure and 2 vary invoived geologic
history. Bssically the country may be likened to the shape of a kite with mountain
and epiand regicns comprising the four sidas ¢f the diamond and the long tail.
The cenizal portion of Burma consists of an extensive lcwland area while more
limited lowlands are nesiled betwnen the mountains and the Bay of Bengal
and the Andamasn Sea.

A. The Shan Upland

The Shan upiand is a deeply dissected plateav undzriain by Aschean, Palaeo-
20ic and Mesozoic rocks. The area is, geographically, the oldest portion of present
day Burma. The upland averages roughly 3500 feet in height ard its western edge
is clearly marked off irom the cenirs! lowland by a well-defined north-south fault
scarp which often rises 2005 feet in a single steg and which 2cts to produce

The Shan Upland is characterized by a strong north-south onientation of ndges
and vallevs as skown by this vieu a few miles east of the town of Taunggys.




orcgraphic cooling of air and a marked increase of rainfall. This escarpment

bounds the eastern side of the Dry Belt in cne of the most striking and most
stable climate boundaries in the country.

Much of the surface of the Shan Upland is of a steeply rolling hilly nature, in
many respects similar to tha surfacz of the New England Upland. in many places,
but mest commonly in the northern and eastern portions of the upiand, the surface
is rough and rugg~d read‘\mg heights of 6500 feet.

Great blocks of massive imestone, sandstone, metamorphic rocks and granites
are found in highly folded complexes with a very strorg north-south rendency.
This pattern gives 8 great variety of landscapes with the north-south alignment of
hills and valieys the chief unifying characteristic. As the careful cbs2rver moves
from place to place in the Shan Upland he is struck by the vegetation and land
use differences between the rolling upiand and the more sheltered vailey bostoms.
In part this change may be due to temperature differences and in part to soil
differerces. Such differences do no® show on even the best maps of the area for
the valleys are only a mile or two wide and the rainfall records for the entire
Shan Upland are based on only 12 rain recording gauges of which four are full-
time reporting weather staticns. Clearly such scanty data are insufficient for
detailed 2nalysis.

Even though the upland is topooraphically oid many of the larger rivars,
notably the Salween and the Myitnge, an important tributary of the Irrawaddy,
show youthful characteristics. During much of their traverse of the upland they
ar= deeply entrenched and have numerous falls and rapids. Other smaller rivers
such as the Pilu have developed courses in areas of plateau limestone and flow
sluggishly through broad valleys. On higher ground to either side of such valleys
polje are common.

The Shan Upland merges gradually with the Putac Knot to the north and
extends well into Thailand on the east. To the south, espedally in Tenasserim, the
plateau character of the landscape is lost and is replaced by loag bands of parallel
hills and low mountains with narrow valleys betwaen. Elevations here average
2800 feet with a number of individual ridges rising to 5000 feet. The hill and
valley slignment in Tenasserim is neariy parallel to the ccast and cuts almest
directly across the path of the summer monsoon winds. The alignment is well
illustrated by the course of the Tenasserim River which originates northeast of
Tovoy and flows southward within 20 to 50 miles of the sea for over 150 miles
before breaking through ihe hills south of Mergui.

The orientation and location of this southern exiension of the Shan Upland
helps to produce some of the heaviest rainfall in a!l of Burma. The equatorisl loca-
tion also helps assure this coast the longest rainy season in the courntry.

B. The Central Belt of Burma

The Central Belt, in contrast to the Shan Upiand, is a relatively young section
of the country. This region was occupied, as recently as the latter pait of the
Tertiary period, by a great arm of the sea known as the Gulf of Burma. Great
depths of sediments were deposited and were ‘ater consolidated into sandstones
and shales. This broad Central Belt extending from south of the Putao Knos all the
w3y to the present day Gulf of Martaban was uplifted and was then subjected to
degradation by the Proto-Irrawaddy and the Proto-Chindwin Rivers. The softer
rocks yielded readily and broad valleys were crested. As sea levels rose once
again the streams agraded their channels and deep alluvial deposits were laid
down.

The harder rocks of the Central Belt resisted erosion by the giant ancestors
of the present Irrawaddy, Chindwin and Sittang Rivers. It is these more resistant
rocks that today stand es isolated ranges of hills buried knee deep in seas of
alluvial d‘posn’s Thus the Pegu Yoma separate the Irrawaddy Valley from that of
the Sittang and in part help to create the Dry Belt of Central Burma. The southern-
most spur of the Pegu Yoma supports the magnificent Shwe Dagon Pagods at
Rangoon. From this point north the range gradually increases in height and
breadth to culminate at Mt Pepa, south of Pakokku, where a single peak reaches
4981 feet. This range receives significantly highe: precipitation than do the plains
to the east and wesi North of Mt. Popa, where the Pegu Yoma end, the rainfall
totals fall off zbruptiv ard the Dry Belt achieves its greatest permanence

North of Shwebo and Katha other ranges of hiils, simiiar in ongmn to the

L




Pegu Yoma, make their appearance sbove the alluvium. These ranges become
wider 2nd higher further fo the north and, in facs, are the {oothills south of the
Pur2o Knoi. To she wes: these hiil ranges merge wath the Western Mountain Belt

Air masses mov:ng norsh agoss the Cenirai Bek are confined by the higher
mounizing 0 Doth east and west and are forced up and over the Shwebe, Katha
ard other il ranges. Crographic cooling inareases the ra2infall on these areas and
inus the hills, in effec:, i~.ark the northern limit of the Dey Bait.

C. The Westarn Mowunian Seit

The \Yestern Alounizin Belt is composed of several parsllel sanges that
cniginaie from the Puizo Kno! and extend 3!l the way 1o Cape Negrais at the
southwestern corner of the Irrawaddy Delta. This mountain system is broadest and
h:ghest to the north and graduelly diminishas in stature toward the south. Throegh
ihe Chin Special Division along the Indian border elevaiions of a number of ridges
reach 90C0 feet while the highest peak, s Saremetti on the Assam border,
reachzs an elevation of 12,551 feet. Aloag the Acakan Coast the crest cf she range
awerages roughly 5000 feer with a number of gaps at 2500-3500 feet.

From a climatological point cf view the portions of the Arakan Yoma parallel-
ing the coast fzom the Pakistan border 1o sthe !rrawaddy Deita are of particuiar
imporiance. Here the summer monscon winds irom the warm bay of Bangal meet
the hills at righi angles. As ihe air is forced over the hills, coofing takes place and
the heawes: rainfall in Burma is recorded. VWhere the mountains are higher, as
behind Akyab, the rsinfall is mcst intense while further 1o the south where the
relief is lower precigitation fco is more modest.

In the fay wenthoastan corner of Burma hills and mowntais 1 the cast of the
Dvvazcadds vise G hewghts of Q000 fect alang the Ching boydey  uvinz tive vaom
serson only the lowoy To00 foet are sasible belowe the solid clovd cover




To the lee of shese ranges the effect is equally apparen:. A rain shadow is
well-developed from Frome 10 the Centrai Chindwin Valiey and is most sircngly
daveloged between Minby and Pakoxku. Air descending the eastern sicpas of tf
Aravan Yoms is warmed adiabatically and litile precpitation falls in tha area.

The \Western Mountain Belt swings in a broad arc and towarG its ncrihern
end the frend of the rznges 15 from southwest 10 northeast. Ar the northern up of
Burma these ranges join fcrces with the northern end of the Shan Upland 10 cul-
minate in the Putsc ¥ngr  Trus mass of mountainois terrain is high, rugged and,
in part, unexplored. Several peaks: both elong the Assam berder and the China
border reach heighis of well over 12,000 feet. At the extrems nonhern iip of
Burma Hkababc Razi reaches 19,296 feet above sea level.

Ranges of this height converging at the northern end of a long lowland
funnel through which sum:mer monsceon winds naturally focus provide a topo-
grephic trep. As air masses are caught in this gigantic box canycn orograghic
squeeze becomes well-developed. The funnel becomes more and more narrow as
2ir moves further tc the nonh. This, combined with :he fact thar ground surface
becomes increasingly rugged, induces expansion aloft, rapid air cooling massive
cloud development and heavy rainfali. Thus rapid increases in average annual
precipitation are experienzed a3 one travels from Zhamo to Myitkyina and further
north along the Irrawadoy Vailey.

D. The Arakan Coastal Strip

The Arakan Coastal Strip is a nasrow beit between the Arakan Yoma cn
the east and the Bay of Bengal on the west. In the northern portion of the belt
there is & broad area of level fand formed by the flood plains of ihz cevaral streams
which debauck from the hills and mountains tc the north end east. To the south
the coasta! strip is considerably narrower and is in fact displaced altcgether in
severa; places where the Yoma reach the Bay.

The Arakan Coastal Strip is of roughly the same age as the Central Belr and
was formed in a like manner. This is by far the smallest of the geomorphic regicns
of Burma and from the climatclogical point of view is the least significant.

~i




GATHERING RAINFALL DATA

Rainfall data in Burma are coflected from a network of 228 raingauge stetions
distributed throughous the country as shown oo map 3. A count of the stations
shown oa map 3 will reveai tha:r 12 cf the stations hzve been omitted. This is sc
because at several of the District capitals rwo raingauge stations are loceted wirhin
2 miie of each other, jco close 10 be distinguishad on @ map of the scale presented.
Where rwo stations ware found fo be in clese proximity the data from the station
of longest record was used in this repost. For exampie, a few miies north of
Rangoon daia were available from Mingaladon ARirport, a meteorological observa-
tory, and from Jingaladon Goif Ciub, a privately operated staticnn. In this case
the airpoct data was used and the golf club data ignored.

The rainfzll data are ccoilected by three different government agencies of
which the Meteorciogical Department is by far the most important. This Depart-
men: cperates 20 full-time permanent observations scatiered widely ihiuugnout
the nation and lccated mamnly at the District and State capitals. In addition there
are 12 other observatories fully equippec to measure rainfail, temperature,
humidity, pressure and wind. These 12 are also located in District capitals and
differ from the 30 above only in that they are ciassed as non-permanent despite
the long records compiled.

The Meieorological Department also maintains equipment and pays part-time
observers at 150 raingauge stations. These cbservers record the data from their
8 inch raingauge each day at 0930 local time and forward the results periodically
io the central office in Rangoon. These gauges were discovered to be locared in
fenced enclosures with adequate exposures on sites chosen by the Meteorologicai
Department. Where the reports are available these data are considered reliable.

The Irrigation Department aiso mainfains a system of gauges centered in the
Dry Bel: of Central Burmz. These 29 stations are equipped with 8 inch gauges and
are cared for by full-time observers. The gauge at Meiktila is considered one of
the best in the whole country and is of the automatic tipping bucket variety.

The Agricultural Department, too, helps in the collection of rainfall data.
This Department maintains a system of experimental farms and at seven of these,
8 inch rainfall gauges are operated by competent men with reporting done directly
to the Meteorclogical Department.

A study of Map 2 will show that the distribution of raingauges is not even
throughout the country but is highly concentrated in the major agricultural regions.
The network in the lrrawaddy Deita and in the Dry Belt is adequafe for ali but
micro-studies. In the Shan Upland, as in the mounrainous region to the west and
north of the naticn, the coverage is scanty indeed. Of particular note is the fact
that nowhere in the country are raingauge stations located so as to provide dara
from various elevations across a mountain range.

One excellent possibility for a detziled study of rainfall differences with
changing elevations appears to be along the road between Bhamo and Sinlumkaoa
in the Kachin State. The direct east-west distance between these towns is 17%
miles and 3 jeepable road connects the two. Bhamo, at an elevation of 350 feet,
is the site of a fuli-time government observatory which could act to check the
accuracy of data collected at the low point of the profile. Sinlumkaba, at 6052
feet, is the site of a government high school where well-educated and responsuble
observers couid be found for the intermediate stations.

Another potential profile site lies along the road from Meiktila or Thazi, near
the southeastern edge of the Dry Belt, along the road to Kalaw and Taunggyi in
the Shan State. The straight line distance here would be about 65 miles and the
difference in elevation would be slightly in excess of 5000 feet Government
stations are established at each end of this profile and could serve to anchor the
profile.

Very interesting results might be obtained from a profile between Kslemyo,
i the Chindwin Valley, and Tiddim, in the Chin Special Division. Such a profile
would start at an elevation of 650 feet, pass through Fort White, at an elevation
of shghtly over 7000 fee!, cross the pass &t 8000 feet and terminate at Tiddim,
elevation 4000 feet Additional stations on such a profile might well extend three
miles east of Tiddim to reach the Manipur River at an elevation of 1600 feet.
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Ramnfall data are collected in Burma by seveval government
agencies. At mwost stations ramgauges arve the only nstru-
ments an place. These gauges are normaily of the standard
8" size and are well exposed in a fenced compound. Here at
Taunggyr i the compound the Highway Department are
located two ramgauges, an anemometer, a weather vane, and
a standard nstrament shelter contavimg a baromeier and
maximum l”ld mamum lh(‘)"?l)l"(’f{') s.

At statwons such as this, full-ime trained observers are
emploved. At smalley stations, part-time observers read the
vamganges and report the findings to Rangoon
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The road from Bhame to Sinlumkaba offsrs excelient possibilities for a rainfall
study profile. The road is open to jeeps at all seasons but during tiie rains it is
sometimes subject to landslides as above.

The rainfall data collected by the various raingauge stations throughout the
country are considered to be generally quite accurate although occasional typo-
graphical errors are to be found in the printed tables. 3mall variations in monthly
and yearly “normai” figures are found from time to time in the records for almost
every station as is illustrated by the example below.

Table 1.
Various Mandalay Rainfall Data !.
J F M A M J J A S O N D VYeer
a. J 01 2 1.2 58 63 27 41 54 43 20 4 325
b. 0 1 .2 11 55 54 34 41 65 47 1.7 3 333
c. O 2 2 14 59 59 28 40 58 50 25 4 243
d. d o1 2 10 53 57 33 42 62 45 1.7 5 325

1. line A, dsta as recorded ir “Statement Showing the Monthly and Annual Rainfall at Rain-Recording
Stations in Burma for the Year 1954”, same data 1s listed for the years 1950 1953; same dets is used
n the “Season and Crop Report of the Union of Burma ‘ for the years 1951-1960. Line B, deta as shown
n “‘Technical Report EF-91", Quartermaster R. snd E. Center, Natick, Mass.,, p. 18. line ¢, dsta from
“Rainfall Recorded at Disirict Headquarters or at the Station Nearest to Disirict Hoadquarters in Burma
for the Month of — — — 1960”, same dats presented by M. Y. Nuttoson, “The Physical Environment
and Agnculture of Burma”, p. 19. Line d, “Climatological Tsbles for Burma” Rangoon, 1949 (reprint),
pp 45
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In pari these smell differences can be traced to a change in the location of
the collecting point. For example, the officia! record for Mandalay was originally
compiled at the University College campus, but at the end of World War Il a new
collecting point was established at Mandalay Airport. The new station has the
same elevation and almost the identical exposure but is located one half mile due
south of the oider University College raingauge.

Differences in the “normal” data for some of the stations with records shorter
than Mandalay’s 60 years can be explained only by the gradual -efinement of data
as more and more records become available.
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AYERAGE RAINFALL TOTALS

The most striking features of Burma’s precipitation as shown on map 4 are
the heavy rainfall totals along the Arakan and Tenasserim Coasts and the very low
totals recorded in Central Burma. At Thaton and Tavoy on the Tenasserim Coast
rainfall averages are 216 inches and 214 inches per year respectively while i0
miles to the scuth of Tavoy the village of Launglon records 226.23 inches per year,
the highest sverage of any of the raingauge stations in Burma. This station, three
and one-half miles inland from the coast, iies at an elevaticn of less than 500 feet
above sea level. Twenty miles inland from Launglon and ten miles inland from
Tavoy a range of hills parallzl to the coast reaches an average crest line of 5100
feet. Undoubtedly precipitation totals on the windward fianks of this range are
far higher than that recorded at Tavoy. Unfortunately the only available data is
from coastai lowland stations. A profile of raingauges extending directly east
from Tavoy to the valley of the Tenasserim River would yizald interesting and valu-
able data on rainfail variations as infivenced by topography.

The Arskan Coast, too, records very high annual totals and stations such as
Akyab are often used in introductory texts as examples of extreme mornscon rain-
fall. At Akyab the leng term annual average rainfall is 203 inches while Sandoway
measures 212 inches. Again all of the 15 raingauges in this section of ihe country
are located on the coastal lowlands or on the small offshore islands and none are at
significant elevations on the Arakan Yoma. A trail leads almost directly across the
Arakan Yoma from the coast behina Kyaukpyu to Minbu in the Dry Beit. The
mountains between these stations reach heights of 5600 feet. Again no rain-
gauges have been established along this profile and a study here would shed
invatuable light on the question of rainfali variations with elevation on a mountzin
range lying directly athwart the monsoon winds. Travelers who are familiar with
the road from Taungup to Frome, 75 miles south of the above proposed profile,
report dramatic changes in rainfall, vegetation and land use potential from one side
to the other of this considerably lower pass.

Map 4 shows heavy annual rainfall totals in the deltas of the Irrawaddy and
Sittang Rivers. Heaviest rainfall is recorded on the extreme east and west margins
of the compound delta. Thus, south of Bassein precipita ion averages a little over
125 inches. But even greater totals are recorded at the eastern side of the delta
along the edge of the Shan Upland. Here, arographic uplift combines with other
rain producing mechanisms to vield 139 inches at Shwegyin in the Sittang Valley
west of Papun. This station is located 15 miles east of the escarpment which
reaches a height of 6000 feet in this area. Without question a gauge on the
escarpment edge would show even higher totals.

At the seaward edge of the middie of the Irrawaddy Delta rainfall totals are
roughly 100 inches and northward from this point they decrease gradually with
increasing distance from the sea, as may be seen in table 2.

Table 2.
Rainfal! in Delts

Rainfall Miles from Edge Same Latitude Rainfall
Irrawaddy Valley in Inches of Della in Sittang Valley in Inches
Myaungmya 103 30
Maubin 96 40
Danubyu 87 75 Pegu 127
Henzada 84 100 Nyaunglebin 123
Myanaung 55 150 Pyu 119
Paungde 52 170
Prome 47 200 Toungoo 83

This pattern is clear in the Irrawaddy Valley and is also noticeable in the
Sittang. This latter valiev however records higher totals at any given latitude than
does the Irrawaddy for two reasons: uplift at the edge of the Shan Piateau and
the rain shadow effect. Table 2 compares stations at similar latitudes in the two
basins.
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Segarating the lrrewaddy from the Stmang drainege are the Pegy Yorma. 2
range of iow kil These orovids some additonal ocographic cooling of the
monsson air massae and thus sause 2 nentrward bulge cf the isohyeis. The effec
of these hills can be roiized oo map £ between Prome and Toungoo. Thes range
inflrences precipitaton aimost as far nontk: as Pakokky.

Frofz: Prome sovthward aleng she Irawaddy Valler raiafall socals continuwe to
decrease markedly 25 reach a minimur 2 {Gw miles wouth of the conflvence ¢f the
Crindwin with the krawaddy. This iuncticn brings together the watere of two of
Burma’s greatest rivers in the center of a region which often suflars Gecperately
from waies sherrages. lronically neithes of these rivers is used for immigation. In
earher days the technology necessary for such development was nos available and
today capital adzquate fo the task is a0f to be had within the couniry. The
deamstic drop s cainfall torals * ztwean Prome and the hears of the Dry Beli ar
Pagan is illustrated by 1able 3.

Table 3.

Rainfall in Dry Geit

. Rainfali Number of
Locstion in Inches Rainy Days
Prome 47 82
Sinbaungwe 32 55
Magwe KH 53
Yenangyaung 25 41
Seikpyy 24 34
Pagan 23 36

On the eastern side of the Central Lowland the drop in rainfall north from
Toungoo is equally impressive in terms of percentage decrease but here the
absolute minimum is nowhere as low as it is in the Irrawaddy Valley. This may be
azcounted for in part by the effect of the Shan Upland but perhaps of even greater
significance are the fohn-like winds which blow down the lee slopes of the
Arakan ‘toma and cross the Irrawaddy lowlands. These winds not only increase
the rate of evaporation in the Irrawaddy Valley but also mix with air flowing north
from the delta region re-lucing its relative humidity and lowering its potential for
precipitation. These féhn winds are blocked from access to the Sittang Valley and
its northern counterpart, the Samon Valley, by the Pegu Yoma. Precipitation means
are thus somewhat higher and potential evaporaticn somewhat lower to the east
of the Pegs Yoma than to the west.

North of the latitude of Mandalsy several hill ranges appear in the broad
basin between the Irrawaddy and the Chindwin. Ranges such as the Sagaing Hills,
the Kaukkwe Hills, the Loipyet Hills and the Mingin Range reach heights of several
thousand feet and provide a mechanism for causing further orographic cooling
and a gradual northward increase in precipitation. Northward of the latitude of
Katha and Bhamo the orientation of Arakan Yoma changes, the mountains become
known as the Naga Hills, the Letha Range and the Patkai Hills, and the crest lines
converge toward the Putao Knot. From this latitude northward average annuai
precipitation increases markedly largely as a result of orographic squeeze com-
bined with vigorous uplift. This increase may be noted in table 4.

Table 4.
Rainfall in North

. Rainfall Number of
Location in Inches Rainy Days
Mandalay 32 47
Singu 43 50
Katha 58 79
Bhame 72 101
Myitkyina 80 105

Putao 154 151




In the Shen Ugiend d2ia from 1< raun recorcing stancas show anovat averages
ranging from <8 inches so 69 mnches. The controling facsor agpeers o De expesire
b prevailing winds and elsvamicn. Of the wations wiih refable cara availadle
Taungoy: shows the highess preopmatior. & 13 of mteress ¥ notz that the reme
Taunggyl direcsly mansiated inio Engiish meane “bog hiil™ and o nota thaz s
icon is 3t an elevaiion o 4750 fee: and in a positicn o be exposed 10 winds
from ih= south end west. No ciher stasicn cn she Shan Upland is so exposed cr is
50 elevarzd. There is little quasiion but tha: higher elevations in this area receive
even greater precpiiation, but unforsunately ao supporting data is available. Cn
m3ny 3 day this writer has swrollad through the Taunggyi bazaar wich ro nesd of
an umbrelia while swo miles i the west rainfall ca the vpper slopes of “the pzak™,
1600 feet above the town, was clearly wisible.

The sesies of maps 5 through 16 show the patern of “normal”™ rainfali by
menihs cver Burma. Jenvary is the dryest meath. During this first menth of the
year ihe vasi majority of the 228 raingavges ooerating intermitrently throughout
Surma report an average of less than 25 inchas. in fact in 2ny single yesr the
report from most of ihe stations record rainfall as “nil”. The long term averages
do democastrase however that rainfall on the order of .75 inches may be expected
in tha Naga Hillse and over most of the Kachin State with the exception of the low-
Isnds aleng the irrawaddy River south of Myitkyina and the Hukawng Valley. In
these latter areas and cver the eastern two-thirds of the Shan Upland long term
averages are between onequarter and one-half inch.

The only other suction of the country reporting over ona-quarter inch is the
coastal region from Mergui to Victoria Point at the extreme scuthern end of the
country. Here again in ar least 50 percent of the years of record no rainfall is
recorded for the month.

The pattern for February is simifar to that of January but with greater rainfell
and with a few interesting additions tc the pattern. Maximum falls are still to be
found in the mountainous sections of the Kachin State and the Naga Hills. Rainfall
totals decrease markedly teward the souvth and, as in January, moderate precipita-
tion is recorded in the eastern portion of the Shan Upland and in the coastsi areas
of Tenasserim. Once again Mergui in the far south is ncticeable for its moderately
abundant rainfall.

Variations from the January map eare to be noted in the modest rainfali
increases in the central portion of the Irrawaddy Della, at the extreme southern
end of ihe Pegu Yoma, at the northern end of the Arakan Coast and in the Chin
Hiils.

It will be recalled that during the winter season or the so<alled “out
monsoon” one of the causalive factors appears to be the location to the south of
the Himalaya of the jet stream. The location of the jet siream at this position,
extending from northern ltaly across the “Middle East”, West Pakistan and India
all the way to the latitude cf the northern tip of Burma also acts to channel cyclonic
disturbances along this path. A study of synoptic maps of India and Burma for
the “wintar” months demonstrates clearly that storms of Atlantic origin move
through the Mediterranean and are trapped south of the mountain arc ana the
jef stream to bring rainfa!l to northern Burma from December to early April. Air
masses drawn into the warm front of such storms from cver the Gulf of Siam
produce occasional widespread rainfall over the eastern portion of Burma’s Shan
State. This nominal precipitation is sufficient to yield the heavier dry season totals
recorded in the area.

This early rainfall in the far north and the east of the country is of particular
importance to the very numerous practitioners of taungya or shifting cultivation
who inhabit these regions. This early rainfall keeps the forest moist thus heiping
to control the fires used to clear the newly cut areas. Perhaps more important,
the cyclonic moisture enables the taungya to be planted and vegetative growth
to be already underway prior to the onse! of heavy monsoon rains. Erosion which
otherwise might very soon denude the slopes is kept within manageable limits.

By mid-March the inter-tropical front has normally moved north of the
equator sufficient distance to place it along a line extending from the Irrawaddy
Delta across the Bay of Bengal to the island of Cevion. March remains a dry month
for Burma as a whole but at both the extreme south and the far north precipitation
occurs in modest volume.
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Taungya patches are scattered widely through the hill and mountain country of
western and northern Burma. The pre-monsoon rains are of particular impor-
lance to farming in these areas.

To the south, especially i Mergui and Tavoy Districts, winds are quite vari-
able during the month. Air flow trom the sea together with some convectional
activity combine to produce a March average of five inches of rainfall at the town
of Tenasserim and slightly over thiee inches in much of the rest of the District,
including the archipelago. Rainfall at this period, while other agricultural areas
to the north are stili quite dry, gives Mergui the shortest dry season in Burma
and helps to assure the success of Burma’s largest rubber plantations. In addition
to rubber, Mergui is noted for the high quality and large volume of her equarorial
fruits.

By the month of April the inter-tropical front has shifted eastward and lies in
an almost north-south line across Viet Nam. During the month the flow of air from
water to land becomes more marked, the frequency of deveiopment of convec-
tional cells over the now much heated land areas becomes greater and rainfall,
although not yet heavy, becomes more widespread. During April even the dry
central Irrawaddy Valley shows averages of over one-half inch of precipitation.
Minbu for example records an average of .77 inches in April but with average
monthly temperature at 89 7 F., the highest of the year, this rainfall has very little
effectiveness

Areas of high elevation in the north continue to demonstrate the highest falis
in the country with stations north of Myitkyina reporting in excess of six inches.
Rainfall of five inches in Mergui District is almost matched in April by the area
around Moulmeir with only shightly less than three inches
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In May the air flow remains unsettled, heating of the land surface is intensive
and monsoon winds begin fo make their debut aiong the Tenasserim Coast where
several stations show rainfall on the ccder of 21-28 inches. Along the Arakan
Ccast, in the irrawaddy Delta and over portions of the Shan State, rainfali of from
11-20 inches is recorded. This normally occurs in showers of one hour or two in
duraticn with considerable sunny periods interspersed. General clouvd cover is
not yet common.

During May the Dry Belt makes it first real appearance as may be noted by the
area of dashed lines showing less than five inches of rainfall. Despite the fow
totals for the Dry Belt during this pre-monsocn period of April and May some rain
does fall and this is of very great significance to farming in the area. At Pakokku
the two month total is 3.59 inches while across the river at Myingyan the tctal is
4.18 inches. In both cases about 85 percent of the totzl occurs in May.

Synoptic charts show that during April and May the general flow of air from
the surface to a ievei of approximately three kilometers is from the south, thus
representing air from the Andaman Sea, air which contains modest volumes of
moisture. This air is apparently drawn ‘o the dry belt by the thermally induced
low pressure created as a result of ihe very high afternoon surface temperatures.
At levels higher than 3 kilometers the air fiow is from north to south, representing
very dry continental air masses.

Such conditions result in marked instability over the Dry Belt. Aftarnoon and
evening thunderstorms are common over the region, especiaily in May, and are
responsible for most of the rain that occurs during the menth.

June, July and August are the months most typical of the southwest monsoon.
During these months the flow of air from the Bay of Bengal onto the land area cf
the country is very well deveioped and almost uninterrupted. Air flow is generally
from the southwest to the northeast. However where the smooth flow is broken
by mountain barriers as along the Tenasserim Coast the main flow turns almost due
north to reach the Irrawaddy-Sittang Delta from the south. Alorng the Arakan
Coast part of the southwest monsoon wind iraverses the hills and part is deflected
tows:Z the Ganges Delta.

July is typical of conditicns during these months and reference to map 11
shows a number of striking features. On the Tenasserim Coast between Mergui
and the mouth of the Sit.ung River the monsoon winds reach the hills with a high
maisture content and with remarkable consistency. Orograpnic cooling combined
with convecticnal activity and the passage of a number of “lows” combine to
produce rainfall averages of about fifty inches at a number of locations. Along the
Arakan Coast the situation is similar but here July rainfall is slightly heavier with
several stations measuring in excess of 60 inches.

Air masses moving north up the Irrawaddy and Sittang Valleys lose moisture
iargely through the action of the depressions active in the monsoon flow and by
convectional cooling. Rainfall in the delta averages some 22 inches in each of the
three months June-August and this total decreases with increasing distance from
the sea as has been pointed out.

By the middle of September the force and consistency of the monsoorn winds
has decreased and the monscon has begun its “retreat”. In September rainfaii on
the Arakan Coast averages only 23 or 24 inches, not dry by any means but well
below the maximums recorded in the three earlier months. At the same time
rainfall along the Tenasserim Coast averages slightly in excess of 31 inches.

One of the most interesting features of the September map is that at this
month the Dry Belt receives its greatest rainfall. The area measuring less than five
inches is confined to the region between Pakok..u and Minbu, or only about 1/6 of
the area dry in August.

October, November and December show no unexpected patterns. They
demonstrate the effect of the continually weakening and retreating southwest
monsoon and the emergence of the northeast winds as the dominating air mass.
From October through December the rainfail pattern is similar with the only
change being in terms of the amount.

January starts the annual cycle once again and is the dryest month of tha year.

ra%aY



NUMBER OF RAINY DAYS

Maps 17 through 29 poriray the pattern of annval and monihly normal
number of rainy days. As might be expected the patierns on these maps are
roughly the same as on the maps of total rainfall.

On the map of total yearly number of rainy days the Dry Belt of Central
Burma shows up well and is centered along the irrawaddy River near the town of
Pakokku. At that sration the normal number of rainy days per year is 38 while
the totai rainfall is 23.91 inches. Thus Pakokku receives an average of .53 inches
per rainy day.

Victcria Poin:, at the extreme southern tip of the Tenasserim Coast has the
greatest number of rainy days in all of Burma, 157, and records 166.5 inches of
rainfall, an average of 1.06 inches per rainy day. Stations along the Arakan
average abou? 125 rainy days per “normal” year and record the heaviest falls per
day. Thus Akyab records 1.62 and Sandoway 1.71 inches of rainfall per rainy day.

For the country as a whole January is usually the month showing the least
number of station days of rainy weather. During the month the majority of the
228 stations show an average of less than one wet day. Only in the Kachin Stzte,
north of Bhamo, do figures reach significant size. Here the mountains along tne
China border record wet periods about 1 day cut cf 10. In lower areas of the
State, records show only cne wer day in 16 for the Kachin State. In the far south,
along the coastal areas of Mergui District, one wet day is expected every two
weeks in January.

Through the months of February and March the number of rainy days
increases gradually in that third of the nation ncrth of Mandalay and along the
Tenasserim Coast as may be observed on maps 19 and 26. The remainder of the
country maintains dry weather with only modest cloud cover and rapidly increas-
ing temperatures. In this area rainy days during the first quarter of the year are
rare indeed.

In April the expected number of rainy days continue to increase in the upland
areas of eastern, northern and northwestern Burma. During the month the low-
lands, too, begin to experience a we! day every two weeks as may be seen on
map 21.

May and June are months of rapid build-up in the frequency of rainy days.
The maximum is reached in July and August after which the frequency tapers off.
it is of interest to note that the build-up of rainfall through March, April and May
is more rapid and more marked than is the decrease in number of rainy days
during September, Octeber and November.
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PATTERN OF HEAVY RAINFALL

Map 30 showing “normal” number cof days per year with five inches or more
of rainfall was compiled from the records of 158 siations over a thirty year period.
For seventy of the stations data were available for the full sequence of 30 years
while the remaining staticns had shorter records. The total data available for
plotting the map amounted to a little over 3300 station years or an sverage of
slightly over 20 years of record for each station.

Very heavy rainfall is most frequent along the Arakan Coast and along the
Tenasserim Coast from Tavoy fo Moulmein. At Akyab during the 30 year period
1891-1920 daily rainfall totaled between five and ten inches on 2i4 separate
occasions and on 15 of these days rainfali totaled over 10 inches, lts average of
7.53 occurrences per year of rainfall greater than five inches is the highest
recorded by any station within the country. Sendoway and Taungup, 150 miles
southeast of Akyab, each showed about 6.5 days of such heavy rain per year.

Several stations on the Tenasserim Coast recorded 4 and 5 and even 5.5
occurrences of 5 inch rainfall days per year, but no station in this area could equal
the Arakan stations. ’

The frequency of heavy rainfali decreases rapidly inland from the fringes of
the Ilrrawaddy Delta. The area least likely to experience very heavy rainfall
appears to be the southern end of the Dry Belt. Thayetmyo District, in the Irra-
waddy Valley between Prome and Minbu, had a total of five reporting raingauges.
Four of these reported for all 30 years and the fifth reported for 22 vears. In a
total of 142 station years in this district only one station ever recorded as much as
five inches of rainfall a day and this occurred only once.

To the north of Thayetmyc but still within the Dry Belt Minbu, Pakokku and
Mandalay Districts all had remarkably low totals but all were higher than
Thayetmyo. In these districts heavy rainfali occurred approximately one day in
every eleven years at each station,

A second area of remarkably low occurrence of § inch rainfall days was
found in the Shan State in a broad arc extending north and east from Taunggyi.
Six stations in this area had records exiending from eleven to seventeen years.
Three of these stations reported single occurrences ot heavy rainfall during the
period of their records and three never did measure one day falls totaling as much
as five inches.
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Heavy rammfal’ over the Delta Regrons often vesults in extensiwe flooding and
the ssolation of hundveds of tiny villeges and many larger towns.
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Table 5.

Rainfall Extremes 1.

Years of
Average Max. (year) Min.  (year) Record
Akyab 202.84 323.58 (1918) 120.62 (1957) 60 years
Kyaukpyu 185.93 221.78 (1926) 118.32 (1957) 30 -
Sandoway 214.05 27295 (1918; 169.32 (1912) 74 ~“
Mawlaik 7289 93.03 (1938) 32.44 (1925) 30 ~
Nionywa 31.32  45.517 (1947) 18.14 (1920} 35 ~
Bhamo 73.08 97.54 (1910) 5559 (1930) 55 ~
Katha 59.71  79.35 (1938) 36.31 (1920) 53 -
Lashio 61.86 94.23 (1927) 4210 (1957) 45
Mandalay 3431 47.07 (1904) 19.40 (1924) 50 ~
Maymyo 60.61  80.38 (1951) 40.99 (1931) 40 “
Myitkyina 84.41 109.58 (1905) 50.53 (1909) 45 ~
Bassein 109.01 142.77 (1950) 73.54 (1906) 60 “
Maubin 95.62 121.46 (1919) 60.25 (1906} 62 *~
Meiktila 35.36 55.37 (1926) 22.05 (19522 51
Minbu 3487 5535 (1938) 23.14 (1921) 45 ~
Myingyan 27.42 4474 (1926) 11.40 (1957) 54 ~
Pakokku 2430 39.24 (1908) 13.37 (1921) 52
Prome 47.49 6590 (1952) 3248 (919 71~
Pyapon 100.68 146.01 (1929) 75.02 (1918) 50
Loikaw 46.05 76.21 (1936) 32.08 {(1931) 35 ~“
Taunggyi 66.62 91.15 (i90. 47.76 (1931) 38 ~
Thaton 217.01 25272 (1923) 163.85 (1957) 50 “
Pegu 1269.86 156.82 (1937) 82.i0 (1957) 50 ~
Pyinmana 55.13 76.83 (1927) 41.18 (1919) 54 ~
Rangoon 103.07 125.99 (1950) 76.38 (1951) 60
Tharrawaddy 87.11 114.99 (1914) 61.27 (1957) 40 ”~
Toungoo 83.21 111.67 (1907) 53.42 (1957) 60 ”~
Yamethin 38.16 59.90 (1916) 18.60 (1958) 45
Mergui 162.28 190.68 (1901) 126,22 (1958) 60 “
Moulmein 190.09 241.08 (1925) 140.45 (1927) 60 “
Tavoy 214.85 285.25 (1904) 175.04 (1958) 50 ~“
Victoria Point 165.62 191.51 (1917) 120.86 (1947) 30 ~“

1. Compiled from: Hydrological Division, Burma Meteorological Department, Hydrologic Summary for
1958, Gov. of Burma, Rangoon, 1960. mimeo, pp. 2-1 through 2-34.
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Date of Heaviest Rainfall

Heaviest rain of the year is most likely to occur sometime during the months
of July, August or September. The onset of the monsoon period is normally
marked by intermittent pericds of rainy days and dry days. During the early
phases of the monsoon, rainfall is likely to occur as moderately heavy to heavy
showers of anywhere from 15 minuies to one hour duratien interspersed with
drizzle and short periods of sunshine. Very often this early phase of the monsoon
is followed by several days of clear dry weather which in turn is followed by very
heavy rains, often including the heaviest of the year. An analysis of daily rainfall
records covering 134 station yecars shows that the median date for the years
highest 24 hour rainfall total is July 7. This date, however, is extremely variable
both from year to year and from region to region.

One thing that is certain is that the maximum 24 hour rainfall occurs between
mid-April and mid-November. Of the 134 station years for which daily records
have been studied only two annual maximums occurred in April and seven in
November. Sixty-five percent of the records are almost equally divided between
July, August or September while May holds the fourth greatest number with 18
percent followed by June with 15 percent. A study of 24 additional stations for
which the data is summarized by months and with records varying from 9 to 65
years, a total of 944 station years, indicates much rhe same pattern. No absolute
daily maximum for the yeer was recorded during the months of December-March.
Ore of these 24 stations shows an absolute maximum in April, and one in Novem-
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Heaviest rainfall of the year is most likely to occur during the months of July,
August or September and often resulis from violent convectional activity. Here
on the Shan Upland clouds from a heavy thundor shower form the backdrop of
a typrcal farm view. Notee that the heavy rains hove caused considerable erosion
along the road.
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ber; two show absolute masimums in Oztober and two in September. The remain-
ing 18 stations have recorded absolute maximum falls in May, June, July or
August with August and May in that order the most important.

The 11 year median volume of maximum 24 hour precipitation also shows
considersble variation from place to place. As might be expected Akyab on the
Arakan Coast records the highest median value, 7.5 inches. Mergui, also ar a
coastal location at the foot of the mountains but far to the south of Akyab, is well
behind in second place but nevertheless repotts a respectatle 4.7 inch median for
annval 24 hour maximum rainfall. Inland from Rangoon values drop rapidly to
reach a minimum near the southern edge of the Dry Belt and then appear to rise
again as one continues north. Thus Rangoon’s median maximum is 4.1 inches
while at Prome the figure is only 2.0 inches and at Pakokku and Mandalay respec-
tively the medians are 2.7 and 3.8 inches. The reason for an increase in the
median inland from the border of the Dry Belt is apparently related to the fact
that at coastal stations such as Akyab and Mergui rainfall is caused chiefly by weak
cyclonic disturbances traveling with the monsoon air drift and by orographic cool-
ing along the mountains — thus heavy rains. In stations frem Rangoon north
through the Dry Belt orcgraphic cooling is minimal. At Rangoon and at Prome
the major cause of heavy precipitation appears to be the passage of the weak lows.
As these move further and further from the sea the volume of rain produced
becornes smaller. However in the Dry Belt with its much greater incindence of
sunlight and its higher temperatures, convectional activity is far better developed.
Thunderstorms are both more frequent and more intense at Pakokku and Mandalay
than they are at Rangoon or at Prome. These storms, although of small areal
extent and thus infrequent over any given station, often cause intense rainfall for
shori periods and probably account for the higher 24 hour rainfali records in the
Dry Belt than are found at stations such as Prome, Toungoo, Thayetmyo and
Pyinmana at the edge of the Dry Bel:.
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“BURSTING” OF THE MONSOON

Popular literature often leads one to believe that the monsoon “bursts with
full fury” upon the Burmese landscape at a given date near the end of May. Such
a statement may weli be true for almost any given station in any single year, but
such a statement is inadequate, strongly misleading and vastly oversimpiified.

In describing the monsoon seascn as it exists over the Ganges and Irrawaddy
Deltas, W. G. Mocre’s A Dictionary of Geography, says in part: “The southwest
monsoon moves forward with a definite front and arrives at each place at approxi-
mately the same date each year; the first rain is known as the ‘burst of the
monsoon’ “.

A study of the available data for several stations in Burma indicates that this
statement is wrong in two respects. At most stations there is considerable variation
in the date of the onset of the monsoon rains and also the first rain is normally
considerably less than the average fall per day for the entire season. The data
would thus indicate that one is hardly justified in speaking of the “burst” of the
monsoon.

To take two examples of stations in the most direct path of the heaviest rnon-
soon influence, the data for Akyab and Rangoon prove enlightening. The first
question is to decide just when the “monsoon rains” begin. As has been indicated
and as may be observed from graphs 1 and 2 the beginning of the monsoon
rains is merked by alternating, roughly equal periocds of rainy days and dry days.
Such conditions iast for approximately two weeks and are followed by several
months during whirh the typical pattern is to have a number of long periods of
rainy days each followed by a short period of dry weather. For purposes of this
study the monsoon period is defined as the season in which there are more rainy
duys than there are dry days. The break of the monsoon rains then is taken as
the first rainy day of the first 20 day period, stariing with January 1, during which
ar least eleven days recorded rainfali and no more than nine days were dry.
Moreover a rainy day was defined as a day recording one one-hundredth of an
inch or more of precipitation. This definition of a rainy day is the same definition
used by the Meteorological Department of the Union of Burma and the data was
derived from two sources: "Daily Rainfall of India, for the years prior to 1937 and
“Daily Rainfall Recorded in Burma for the Month”, for the years following 1937.

Using the above criterion and studying the daily rainfall data for eleven years
it was found that at Rangoon the “normal” condition was for the monsoon rains to
begin on May 6th, the mean date over the period. However during the eleven
years under study the date of the onset of the rainy period varied from April 26
to May 21, a 25 day period. Also the mean variation of the beginning of the rains
from the “normal” of May 6th was 7 days. The first day of the monsoon rains
according to this definition brought an average of .36 inches of rainfall compared
to typical fall for all rainy days for the year of .63 inches. Thus the advent of the
rains varied considerably in date and brought only 60 percent as much rain as the
average for all rainy days.

At Akyab on the Arakan Coast, an area experiencing the heaviest rainfall in
Burma and the area with the most pronounced “monsoon” rainfall pattern, the
story is similar. At Akyab the monsoon rains “normally” begin on May 9, three
days later than at Rangcon and the variation in beginning date was from May 1
to June 7, a 37 day period or aimost two weeks greater than at Rangoon. During
one of the years under study the rains at Akyab were delayed a full four weeks
beyond their expected arrival. If this year is omitted from the data it is found that
the variation is confined between May 1 and May 22, and that the average
variation from the May 9 “normal” date is only six days. The “bursting” of the
monsoon rains at Akyab brought an average of .76 inches of rainfall, heavy by
standards in many parts of the world, but less than 60 percent of the 1.39 inches
which is the average fall per rainy day for the entire year at Akyab.

For the country as a whole the monsoon normally begins first in the southern
section of the Tenasserim Coast. At Mergui, for example, the normal date appears
to be about April 24. Roughiy two weeks later the rains begin in earnest at
Rangoon and along the Arakan Coast. Within five days of the Rangoon date the
rains usuvally have begun at Papun in the Karen State, at Myitkyina in the
mountainous Kachin State to the far north and in both the eastern highlands
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During the last half of May the Irrawaddy Delta often experiences the first of
the monsoon vains. The early rains ave followed by several days of sunny weather
with scattered clouds. At this time farmers move to the fields to complete the
first phases of farm preparation.

(Taunggyi) and the western highlends (Falam). Akout two weeks after the Rangoon
date the rainy season at Prcme. 150 miles inland, begins and ten days after that,
or roughly the first of June, the wet season begins at Mandalay, 375 miles north
of Rangoon. Two interesting features of this apparent northward movement of the
rains from Rangoon to Prome to Mandalay, are obvious from the data. First; in no
year for which data is at hand did the rains begin sooner at Prome than at Ran-
goon, although in 1930 they started on the same date at both stations. Second;
during five of the eleven years under study the rain- Yegan at Mandalay before
they began at Prome 225 miles to the south. It seems clear that, through Burma’s
Dry Belt at least, the monsoon rains do not move forward with a definite front.

In the very heart of the Dry Belt at Pakokku the normal date for the monsoon
appears to be June 21st, a full six weeks later than at Rangoon. In fact, using the
definition of 11 days with rain out of 20 consecutive days, certain Dry Belt stations
such as Mandalay and Pakokku have true monsoon rains only five of every ten
years. During the other years the number of rainy days at such stations is so low
and the pattern cf occurrence is so scattered that at no time during the year is
rainfall recorded on as many as eleven out of twenty consecutive days.
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NATURE OF THE RAINY SEASON

In order to portray more accurately the character of the succession of daily
weather types at the beginning of the monsoon period, during the mid-monsoon
and a: the end cf the period, eleven grapns were drawn. For every station, fables
were constructed to shcw the sequence through the entire year of dry and wet
days recorded during each of eleven years for which data was available. Both
the nurber of occurences of rzinfall and grouping of rainy days was taken into
account in constructing a final table. This fina! table iisted the mean sequence of
dry and wet days for a “normal” year at the station under study. These final
tables are expressed in graph form. See graohs 1 through 11.

On these “normal weather sequence” graphs the X axis represenis the
number of rainy days and the Y axis the number of dry davs. Thus a station with
365 consecutive days having rainfall of one one-hundredth of an inch or more in
a normal year would be repres nted by a horizontal line and a station with 365
dry days per year would be shown as 3 westical line. The intersaction of the X
and Y axis at the lower left corner of the graph represents January 1st and tite
end of the line at the upper right hand corner of each graph represents December
31st. The point on the graph representing the first day of each month is indicated.

The figures along the X axis represent the cumulative number of expected
rainy days since January 1, while figures on the Y axis represent the totai number
of dry days sirce the beginning of the year. Thus the yearly total number of wet
and dry days at any station may be obtained by reading the coordinates at the
right 2nd of the graph and the normal cumulative totsi of such days to any date
during the year may be fourid by reading the coord:nates for that date. At the
scaie used in graphs 1 through 11 each grid line repre:ents two days.

To obtain a quick idea of the type of weather which might normally be
expected. for the next two weeks from any date at any station the user has only
to locate the appropriate grapb and find the period under consideration. Where
the graph is horizontal the normal pattern indicates rain; where the graph is
vertical the ncrmal pattern is for dry weather. Where the line alternates, so, most
likely, wiil the daily weather sequence.

By the very nature of the variability of weather it is clear that such graphs
have little predictive value for periods as short as a day or two. It is equally true
that such graphs have greatest accuracy end predictive value where the line
approaches either the horizontal or the vertical position. The graphs do, however,
portray the norma! cheracter of the weather year with clarity and simplicity as
may be pointed out dramatically by comparing the graphs for Rangoon and
Mandalay.

At Rangoon the year begins with a pronounced dry season. During the
months of January and February only one wet day is normally experienced and
this usually occurs near the end of February. The graph shows February 24th as
the mean date for this single wet day. The normal year’s second wet day is most
likely to occur in the third week of March and shows on the graph as March 20th.
During April four of the thirty days may be expected to be wet; these wet days
often occur as two sequences of two wet days each separated by four dry days.
From April 22nd until May 6th the graph shows a dry period, but from May é6th
on, a period of intermittent wet and dry days extends to the 17th of May. During
this period surface winds are variable but they come more and more frequently
from the south and souihwest. Surfsce heating is intense and conditions are ripe
for convectional activity. iocal thunderstorms increase in frequency and in
severity and herald the approach of the true monsoon rains. This time of the
“little monsoon” is also a period when severe cyclonic depressions form in the
Bay of Bengal and occasionally enter the Irrawaddy Delta or cross the Arakan
Coast causing considerable wind damage and torrential rains.

From May 18th until October 1st the number of days with rain far excezds
the number of dry days. This truly is the monsoon period. As defined in the pre-
ceding section the monsoon rains are said fo begin with the first rainy day of a
sequence of twenty days, eleven of which are wet. Clearly the rainy season begins
on the 6th of May during a “normal” year at Rangoon. As was pointea out above,
this date fluctuates from year to year and represents only the average date over a
number of years.
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It should be emphasizec siiar the tsansition from dry fo rainy season is not
accomplished in a singie Jav but rather is-marked by a period of alternating wet
and dry spells. At Rangoon ib's trencitn is accomplished in 12 days while at
Myitkyina and Falam the shift takes w+if over a month of alternaiing wet and dry
periods, with neither being clearly abie to dominate the weather. At Mardalay
the only pericd which normaily meets the above definition of monscen rains
extends through the last fwo weeks of August and the first week of September.
Pakokku represenis the heart of the Dry Belt and a careful siudy of its graph wili
indicate that durirg a “normal” year there is no period which meets the definition
of monsoon rains. Ciearly however, Pakokku does show a distinction between the
dry season znd the wetter season. The wetter period begins at about the 15th of
May and extends through the first week of October. Throughout this wet sea‘on
at Pakokku, as at Mandalay, the day-to-day weather is characterized by a sequence
of from one to five days of dry weather followed by a series of from one tc four
days with precipitaticn.

Throughout all of Burma cutside of the Dry Belt a2 pronounced period of
monsoon rains prevails from mid-May approximately until the last week of
September at which date the dominance of wet days over dry days begins to
lessen. The graph for Rangoon indicates that even in the midst of the rainy
season a few clear dry days are to be expected. Thus June exhibits two such days,
approximately a week apart, and July shows a single dry day. At the beginning
of the third week of August two successive days are apt to be dry and in
September there are four such days. From October first through November first

A small farm village 50 muiles northwest of Mogaung in the Kachin State. Here
rainfall of approximately 120 inches 1s distributed over almost 150 rainy days
cach year.
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Rangoon normaliy enjcys an equal number of wet and dry days. This is the period
of the retraating monsocn.

Tha trarsiticn fram rainy seascn to dry season varies in date of occurrence as
Goes the onset of the monscen rains. While the transition at the beginning of the
rain ‘s accomplisthead In fese than hwo weeks the transition at the end of the rains
is sr::<d over 8 fuli month. At Rangoon November and December are dry months
normaily exhibiting only five and cne wet days respectively.

The graph for Akyab shivws a marksd similarity to that of Rangoon. At both
stations ihe onset of the rains is quits abrupr while the end of the rains is marked
by a much longer trensiticn. Akyab sverages almost twice the total rainfall
recorded at Rangdon, yet shows shightly fewer rainy days. Clearly the precipita-
tion per wet day 1s far grester than ai Rangoon. The graph for Papun is hardly
distinguishable from ihcse of Rangoon and Akyab except that the end of the
monsoorn is slightly sharter and the transition period at either end of the rainy

scn is spproximately equal in length.

Statiens such as Falam, Myitkyina and Putao in the mountainous northern and
northwestern portions of the country also show very close similarity one to the
other. The range of number of rainy days is cniy from 148 1o 152 despite the
fact that total pracipitation varies from 56 inches at Falam to 154 inches at Putao.
in all three cases Janvary is a dry month whiie February, March, April and May
show an increasing frequency of wet days leading up to the onset of the monsoon
in june. The trantition from dry to wet is not as sharp and clear here as it is at
kengoon, Akyab and Papun. Falam, Myitkyina and Putac also exhibit rainy sea-
sons interrupted by more frequent dry periods than were found at Rangoon.

Mandalay and Pakokku illustrate conditions in Central Burma’s Dry Belt while
Prermie shows conditions fransitional between fhe wet coastal monsoon areas and
the Ory Belt. Mergui demonstrates seasonal weather changes representative of
the southern portions of the Tenasserim Cozst and Taunggyi ic perhaps typical of
the march of seasons cn the Shan Upland.
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DIURNAL VARIATION OF RAINFALL

Long time residents of Burma have learned from experience that to plan any
shopping trip or social engagement between noon and seven in the evening during
the monsoon is to invite a drenching from the torrential rains. Trips are made early
in the morning and dinner engagements are delayed until 3t least eight o'clock in
the evening partly in an attempt tc avoid getting soaked. The hours between two
and five in the zfternoon are avoided at almost any cost for to venture outside at
this time of the day is considered sheer folly. From about one to three o'clock
many shops, offices and tanks are closed and even ile bazaars are quiet and
lethargic. The transplanting of rice comes to a viriual halt during the mid afternoon
hours and even the taungya operaiors take a long siesta. This rhythm of life in
Burma is so well defined and so widespread as to appear clearly to be an adapfa-
tion to environmental conditions. As has been demonstrated in an earlier study 2.
these are the hours of oppressive dry season temperatures; these are also the hours
of heaviest monsoon rainfall. These are hours when physical activity is least
pieasant during a major portion of t & year. These are hours to be avoided.

Little data has been collected to verify the widely accepted facts concerning
diurnal rainfall patterns. Texts are fuil of statements such as: “rains are of 2
thundery type usually occurring in the afternoon or early evening” or “the heaviest
falls are recorded in the afternoon hours”, but seldom are such statements backed
by data. S. S. Lal's study of hourly rainfall ai Mingaladon gives substance to the
widely held beliefs concerning the daily rainfall pattern.

During a period of slightiy over nine years, from September 1932 through
December 1941 a seif-recording raingauge operated first by the india Meteoro-
logical Depariment and later by the Burma Meteorojogical Department wes in use
at Mingaladon Airport. The site was 12 miles north of Rangoon, at an elevation of
79 feet above sea level, near the edge of a wooded plateau and midway between
two large lakes. The rainguage operated in a standard observatory enclosure at
the edge of the airport runway and at a height of 20 inches above the ground.

The total rainfall over the nine year period, October 1, 1932 - September 30,
1941, and the total number of rain-hours for each of the 24 hours of the day for
each of the four seasons of the year was tabulated and plotted. See graph 12.

Cool Season. This season, defined by Lal as the months of December through
March, represents what is clearly the driest portion of the year. Over the nine
year period a total of 13.80 inches of rain fell during these four months and these
were recorded during a total of 100 rain-hours. The graph shows that during this
season the greatest volume of rain fell during the hours from 2-4 in the afternoon
with a second peak at 7 o'clock in the evening.

This season as a whole recorded only one and one-half percent of the total
orecipitation, but of that small total slightly over 70 percent fell between the hours
of 6:00 a.m. and 8:00 p.m. By contrast the hours from midnight to 6:00 a.m.,
representing one-fourth of the entire day, recorded only slightly over 11 percent
of the rainfall and were the driest hours of the season. The wettest month of this
season was December which recorded afternoon maximums, while in January,
February and March no rainfall was recorded in the nine year period between
1C:00 p.m. and 5:00 a.m.

Hot Season. The hot season is defined as the months of April and May and
is a period of intensive heating, unsettled air mass movement and intensive con-
veciicnal activity. These two months recorded a totai of 13 percent of the yearly
rainfall, much of it from thunderstorms. The greatest rainfall in any one hour
period occurred between 1:00 and 2:00 p.m., which hour recorded 10 percent of
the season’s total. The graph shows a marked peak in precipitation during the
warmest part of the day from 10:00 a.m. to 7:00 p.m. The peak is also noticeable
in terms of the number of rain-hours concentrated in this part of the day.

1. Much of the material in the foilowing paragraphs is derived from a single excellent source: Lal, $.S,,
“A Study of Hourly Rainfall at Mingaladon Airport (Burma)”,

2. Huke, R. E., Temperature Change With Elevaiion in Burma, indianu Univ., Foundation, Bloomington,
Indiana, 1962, 143 pp.
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At most stations in Burma the greatest concentration of rainfall during the 24
hour period is between 1:00 and 5:00 p.m. At a station such as Sinlumkaba on
the day the above picture was taken, such data seems insignificant. Heavy rainfall
throughout the daylight hours depaosited over 16 inches of water.

Monsoon Searon. Lal defines the monsoon season as the four month period
from June through September and %is data indicates that 75 percent of the year's
rainfall occurs during this period. The graph again shows a very pronounced
maximum between noon and 8:00 p.m. These eight hours recorded 53 percent of
the total precipitation while an equal period from midnight fo 8:00 a.m. measured
orly 21 percent The wettest single hour was from 2 to 3 p.m. with the 4 to 5 p.m.
period a close second. The driest hours were from midnight to 2 a.m. with totals
only slightly more than one-quarter of the wettest period.

Post Monsoon Period. This season includes the months of October and
November and shows a marked decrease in rainfall as contrasted with the mon-
soon season. Eleven percent of the year’s rainfall occurs in these months with
October having 70 percent of the total. Once more the lion's share of the rainfail
takes place during the early afternoon and evening hours. Late evening and
morning hours are the driest.

Year. Graph 13 is an attempt to poriray the mean daily variation of rainfall
at Mingaladon from the data gathered by Lal. If the nine year period of observa-
tion can be accepted as producing acceptable mean figures then this graph repre-
sents the expected hourly distribution of rainfall for a “normal” year. A longer
period of observation would be highly desirable and would probably result in
smoothing out the curve although the salient features would be expected to remain
much the same as they are shown.
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Clearly rainfall is not evenly distributed throughout the day. Between 1:00
and 5:00 p.m. rainfall reaches a marked peak. The totals for the year taper off
gradually during the evening hours and reach a well defined minimum between
midnight and 2:00 a.m. During the morning hours, right up until 11:00 a.m.,
annual rainfall totals remain almost constant hour for hour. From 11:00 a.m. to
1:00 p.m. totals build up rapidiy toward the afternoon peak.

The hot season afternoon maximum rainfall appears to be closely related to
convectional storms but the monsoon season afternoon maximum cannot be
explained as easily. Certainly at that season convection plays a part in peaking the
rainfall but with greater cloud cover and considerably lower surface temperatures
it seeme reasonable to expect convectional rainfall to be of relatively less signifi-
cance in the monsoon season than in the hot season. How then may the marked
afternoon precipitation be explained?

During the monsoon season the flow of air over Mingaladon and other loca-
tions in the irrawaddy and Sittang Valleys is from south to north as was pointed
out in a previous section. During these same months there is a marked daytime
increase in temperature between locations in the Irrawaddy Delta and the Dry
Belt of Central Burma 1.. This temperature difference results in a decreasing pres-
sure gradient from south to north which is strongest during the early afternocon
hours and least well developed during the early morning. The diurnal increase and
decrease in pressure gradient leads to marked fluctuations in the speed of air flow
over areas south of the Dry Belt. Thus at Mingaladon air movement reaches its
maximum speed at about 3 or 4 o'clock in the afternoon, some two hours after
the maximum pressure gradient is achieved. The increase in speed of movement
of the warm moist air “owing from the Bay of Bengal and the Gulf of Martaban
apparently favors the development of conditions of instability within the air mass
itself and thus encourages precipitation.

1. See Huke, R. E., op. cit, pp. 15-18 and Sir John Eliot, Memoirs of the Indis Meteorological Dept.,
Vol, XVHI, Part 1, p. 49
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ANNUAL VARIATION OF RAINFALL

In previous paragraphs it has been pointed cut that the rainfall varies con-
siderably in volume from place to place within Burma and that at any given lcca-
tion precipitation varies from hour to hour throughout the day. Reference to table
6 wili indicate that at any given station rainfall totais for the year also vary
markedly from one year tc the next. The seven stations used to compile tables
6, 7 and 8 were chosen to represent conditions in widely diverse sections of the
country, ranging from the Tenasserim and Arakan Coastsl Regions to the Irra-
waddy Delta, the Shan Upland and the Dry Belt. Within each of the regions, sta-
tions were chosen on the basis of the length of record available and on this
author’s evaluation of the reliability of the data.

It will be ncticed that the average rainfall for the 21 years shown on the
table varies considerably from the “normal” figures given in the final column.
In gross volume the difference is greatest at Akyab where the long term “normal”
is recorded as 203.37” but where the 21-year average was only 190.76". At
Pakokku, on the other hand, the 21.year average was greater {as opposed to less)
than the “normal”, the respective figures being 25.84"” and 23.91". Interestingly
enough, in each case the difference between the 21-year average and the “normal”
is approximately 7 percent. Of the seven stations shown in the table, three
recorded 21-year averages lower than the “normal” while four were higher than
“normal”. The total of all seven 21-year averages was 3.43 percent iower than ihe
total of the seven “normal” figures.

Table 7 uses the same stations and the same data as does table 6 but fo- each
station-year the percentage of variation from the 21-year average has been sub-
stituted for the actual rainfall figure. The station showing the lowest mean annual
variability is Mergui while the variability is greatest at Pakokku. All other things
being equs!, *heory dictates that stations with the greatest total volume of rainfall
have the least annual percentage variation and that the driest stations have the
greatest variation. Theory and fact coincide wel! for the seven stations studied
except in the case of Margui and Akyab. Akyab, with a 21-year average rainfall
measuring forty inches greater than that at Mergui, shows a significantly higher
variability.

Mergui is located in the far south of Burma in an area falling under the
influence of the inter-tropical front during a major portion of the rainy season.
Akyab, by contrast, is at the northwestern end of the Arakan Coast where the
inter-tropical front plays a relatively minor part in producing rainfall but where
the effect of the summer monsoon is strongest. Perhaps the difference in variability
indicates that the monscon winds are less reliable producers of rainfall than is the
inter-tropical front. This question deserves further work in subsequent studies.

Variability from the 21-year average was not markedly consistent year by
year thrr ughout the country. For example, during this period the two wettest
stations, Mergui and Akyab, both showed variation in the same direction (either
positive or negative) only 10 times, just as the law of chance would indicate. In
only one year, 1939, did all seven stations show variation in the same direction
from the long term average. In six additional years six of the seven stations varied
from the average in 'the same direction but the seventh station shifted in the
opposite direction., Furthermore the station out of phase with the rest of the
couniry was not always the same nor, indeed, even in the same region. The misfit
shifted from Prome to Pakokku to Mergui to Mandalay.

The mean variability from the 21-year average for the 147 station-years
presented is 12.71. For individual station-years the variakility ranged from 0.0 to
-+ 66.2 and —36.0.

The question of consistency from station to station and between the wet areas
and the Dry Belt in the variability of rainfall from year to year was investigated by
means of reference to the interannual variability. The interannual variability por-
trays the sign and the magnitude of the difference of precipitation in successive
years. It was thought thai this element might be more sensitive to broad patterns
of yearly rainfall variations than were the data for variability from the long term
average. The same seven stations and the same 21-year period were used to
compile the results presenied in table 8.

Several interesting and meaningful observations can be made from this table.
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Station
Meomul
Ahyal)
Rangoon
Prome
Taunggyl
Pakokky
Mandalay

Yolal ~ 7 Stationy

latlon
Merygui
Akyaly
Rangoon
Prome
Teunggyl
Pakohhu

Mandalay

Mean »ue 7 Statlom

b

~bft!ll

Table 6.
Rainfall by Years =— 7 Koy Stations

1928 1929 1930 1931 1932 1903 1934 1930 1939 1940 1950 195} 1952 1953 1954 1955
178.0 183,99 160,68 145,18 149,47 187.47 144,98 145,09 16236 140,57 163,52 149.97 165,19 140.22 15677 141.64
200,43 212,98 19881 202.80 185,07 188,47 168,82 204,82 208,16 198.30 177.25 708.29 217.53 191.67 174.14 109.93
11434 06,31 11094 12232 8744 10090 10127 11607 11520 108,20 12599 7498 109.42 104.67 8537 112.97
30,16 4448 46,18 3484 2007 B442 3902 6206 6193 6206 4689 47.00 6090 48.67 5698  55.20
60,90 4870 8592 4776 V474 7247 8098 6499 6250 49.50 6826 5404 6235 KU00  51.67  65.60
26,49 .02 2400 2217 44 3289 2004 2887 2625 3691 2267 31,02 29.43 2198  21.07 23.9)
45,18 4340 37.61 20885 19.02 29.08 2045 3834 A4S 2287 2790 20,38 2667 2798  27.29 31.80
667.76 670,23 644,74 59092 S97.25 €77 0 SPLYY 660,26 87170 4677.96 630.56 59578 676.69 594190 §73.29 621.23
Table 7,
Rainfall == Parcent Variability from 21-Year Average
1928 1929 1930 1931 1932 1903 1934 1938 1939 1940 1050 1081 1952 1953 1954
4163 1200 b 83 um 53 == 27 b 98 = 52 = 52 ) 59 = 28 b 65 — 26 4 7.8 — 0.5 - 2.6
82 #1118 b 42 b 6D == 20 =120 w118 b 23 78 b 37 = 23 k&9 k140 4 00 — 89
107 = 49 < 7.8 184 ==184 0 = 19 128 k116 o 48 1220 =262 | 58 - 1.9 —172.5
=224 =119 == 8.6 =31.) =248 o 77 =226 1203 1225 1326 — 7.0 = 64 4305 — 3.6 -12.8
04 b 8 e 77 w200 20D 1202 me 29 o 72 e B0 b 14 o 0 e 95 1330 = 27 —147
de Bk =178 R 109 = 93 | 225 b 89 1108 bl 19 -} 430 =120 1205 4139 =150 —18.6
1349 h29.8 122 =287 F164 =130 = 90 14T 028 p130 =184 —152 —20.8 —16.4 —10.5
1471 14,81 1140 17280 1360 1204 886 1053 1216 1634 1159 1276 12.67 689 1337
Vit Bowwem bewrw  boensd  bwomie e heww bend b L Lt
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1956
146.14
2:3.07

91.58

51.51

55.59

42,98

3516
636.00

1955

7.2
0.2
9.8
9?7
8.3
8.6
5.1
5.99

1957
133.08
128.04

85.37

41.60

51.24

16.52

38.14
494.01

1956
— 46
+11.5
--10.7
— 19
-~ 8.8
+66.2
1 5.0

15.53

1958
128.22
162.92

82.47

52.94

56.55

26.55

27.84
537.47

1957
—13.
—-33.0
—17.2
—172.7
—~15.8
--36.0
+-13.7

20.89

1959
137.57
218.83
121.45

54.96

67.04

25.52

34.00
659.37

1958
—16.4
—14.2
—19.9
-+ 4.7
— 8.3
+ 4.7
—17.0
1217

g pe—

1960
170.22
175.56

95.00

50.09

48.25

27.25

27.86
594.23

1959
— 99
4140
+17.4
+ 8.9
+10.5
— 1.2
4 1.4

9.0

21-Yoar
Avg.

153.24
19076
103.27
50.47
60.63
25 84
33.45
614.45

1960
-~111
8.4
7.8
oR
—20.5

—16.7
1016

Notmat
161.24
203 37
99 03
46 89
68.64
239N
32.47
035 55

.

Avg.
of 21
Years
8 09
922
1165
14.84
10 54
1776
16 65
1271




Table 3
Inter-annual Variability of Predipiration
7 Key Sistions™

Ccly
Seqrerce cf Years ART Sraters MEy Pachis Sators Sowiog NSy. - Poroaics

% of VasaZizy % of Vaieson  Precp.  Precp  Pracp. Precp.
1928-1929 +00.4 — 99 P 3 — 2
1929-193G 38 +3i16 2 4 } i
1930-193¢ — 7.1 —36.3 2 £ _— 2
1931-1632 —093 +357 5 2 z  —
1932-1933 <+ 55 —0028 4 2 1 1
1933-1934 —$Z -— 55 3 4 3 3
NA.
1938-1939 < 27 < 58 3 4 1 A
1639-1940 — 1.7 < 57 3 4 1 H
N.A.

1953-1651 — 55 %175 £ 3 2 _—
195i-1952 +136 57 5 2 — 2
1¥52-1953 —122 —11.0 1 & 1 1
19533954 — 35 — 32 2 5 — 2
19541955 + 84 +152 5 y:
1955-1956 < 24 + 402 : 3 2 —
165&-1957 —223 —30.6 1 6 1 1
1957-1958 < 88 —DG5 4 3 1 H
19£8-1959 +227 4 94 & 1 1 3
1§59-1960 —-— 99 — 74 2 5 1 1
*These are the same 7 stetSors for whick dela wes pr ted in the previous table.

In only 10 of the 12 sequences of years is the sign of the variability in the
Dry Beht the same as that for ail of Burma. Interestingly, in the two sequences
when varishbility was greatast, 1956-1957 and 1958-1959, the sign was the same
in the Dry Belt as in all of Burma. The possible significance of this relationship
is severely quesiicned, however, by the fact that in 1951-1952, the sequence cf
third greatast variability, ihe data for all seven stations shows a positive swing of
12.6 percent while the Dry Belt stations show a negative dip of 5.7 percent.

In column fwo it will be ncticed that sequences shcwing iarge surpiuses or
lsrge deficits are cfren followed by zequences showing the opposite sign. !t can
perhaps be stated that shere is a tendancy for malor departures frocm normal
predpitation 10 be cosnpensated for in the subsequent years. No great emphasis
should be placed on this observation, however, for it has already been taken into
account in determining the fong term average.

The two final columns cof table 8 deal only with the Dry Gelt stations Mandalay
and Pakokku and show the number of siations reccrding increased precipitation
and the number recording decreased precipitation for the two-year sequence. In
only 8 of the 18 years do the two stations show changes with the same sign. This
is approximately the same proportion that weuld have identicz! signs by chance
according fo probability theory. In the 1956-1957 sequence the seven stations
showed a totai decrease of 22 percent and the variation of the Dry Belt stations
was minus 30 percent; of all seven stations, si» showed declines. but Mandalay,
a2 Dry Belt station, bucked the trend and recorded a modest increase. There
appears to be little direct relationship between annual . sinfali variaticns of the wet
coastal sreas and those of the Dry Belt. This is undoubiadly due to the fact that
precipitation in these two areas is the result of diverse causative factors as out-
fined previously.

interannuai variability of rainfall in Burma is markedly lower than that found
by iendsberg !- in Ohau. This fact may indicate that rainfall derived chiefly from
trade wind sources is less reliable than that from the Scutheast Asian monsoon.
Further siudies on this topic are needed.

1. landsserg, H. “Statsncal investigstions into the Climatology of Rainfall on Ohau (TH.Y’, Meteoro-
fagical Monographs, Vci 1, no. 3, Juns 1951, pp 7-23.

74

v m——




A

-———

THE DRY BELY

in the discussion of almost any asoect of the ocuniry the area of Central
Burma, kncwn in the [iterature as the Dry Bel:, assumes a special significance.
This area has served 2s she heasth of Burmesa culture and it was in thic area tha?
Burmese awilization achieved its greatest heighic. The Dry Bali is distinctive for
its low réinfali combined with high temperatures and for the facr ther iis agricul
ture, its natural vegetaficn, its soil types and even its pattern of sestlement con-
trast sharply with conditions foend in other parts 6f Burma. The core area of the
Dry Belt is easily identified and almos? all aythors agree that it centess on
towns Sf Pakckku and MAyingyan and that it also indudes the andent capial at
Pagan. The outer limit cf the Dry Balt is more Siffwouit to locate, in part because
being a climate boundary, it varizs from year o year.

in 2 study of rainfall in Burma cne set cf guestions which might well be asked
deals with this Dry Belt. VWhere is the Gry Belt? How much variation is there in jis
size ard shape from year 1o year? is these a true “core aree™? If so whare is 11?

In an attemp? 0 answer these guestions a series of maps has been made
using the KGppen and the Thomthwaite systems of classification. Data for all
available stations frcm the latitude of Toungoo and Prome in the scuth to Katha
and Mav:laik in fhie nocth and lying betwesn: the Shan Upland is: the east and the
foot of the Araksn Yoma to ihe west were uvsed. The area involved measuies some
350 miles from rocth to south and has an average widih of roughly 120 miles.
Within this area are loceted 83 raingauges with records adeguate for use.

L. Dets frome these geuges is repocted iz Burmmas Meveocdlogicai Deapt., Striemese Shewing the Menthly
sad Asnvel Reisfell 3¢ RsinRecordag Ststiens m Borme for the Yeer, Scper. Gov. Prindcg ecd
Stationery, Rangoon. Azmrcel

The eastern edge of the Dry Belt is marked by a steep jault scarp which often
rises as much as 2,090 feet i a single step. This view is taken from the top of
Mandalay Hill.
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CENTRAL BURMA
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all stations were abie to repori data for each month during the eleven year study
period, 1950-1960, because of insurgent activity and the lack of sufficient numbers
of trained observers. The data available however was sufficient to allow the maps
to be prepared with some confidence.

For the Koppen classification there was no question about wiich line to use
as the limit of the Dry Belt since by definition the B climates are termed dry and
are the climates in which the potential evaporation during an average year exceeds
the precipitation. On all Képpen maps of the Dry Seit the line shown is the
boundary between the B climates, inside of the line, and the humid climaies,
outside of the line. In almost all cases the Dry Belt “B” climates are bordered on
both the north and the scuth by “A” ciimates. However, in years when the B
climates extended further to the north than normal, they were bordered, in Katha
and Upper Chindwin Districts, by C climates.

With the Thornthwaite classification the choice cf which line to use was more
difficult. In Thornthwaite’s 1948 classification nine climate types based on the
moisture index are presented .. The two lines of concern are the dividing lines
between C,, moist subhumid (moisture index of 0 to 20) and C,, dry subhumid
(moisture index -ZC to 0); or between C, and D, semiarid {(moisture index -40 to
-20). Map 31 was prepared plotting both lines using the data from all 83 stations.
By checking this map against the descriptions in the literature and by asking the
opinion of various Burmese scholars it was decided to use the C,/D toundary in
subsequent raapping a: this more clossly approximated the traditicnal Dry Belt
than did the area enclosed by the C,/C; boundary.

The C,/C, Thornthwaite boundary by definition separates those areas with a
positive meisture index and thus a water surpius from those areas with a negative
moisture index and a water deficit. In theory this should be the same as the
Koppen B/H boundary if the systems were equally precise in their measurements.
in fact, using the identical data from Burma’s Dry Belt, the Thornthwaite C,/C,
boundary lies well outside of the Képpen B/H boundary, as may be seen by com-
paring maps 31 and 32. In the south the KSppen boundary lies to the north of
Thayeimyo, in the Irrawaddy Valley, and Yamethin, in the Sittang Valley, while
the Thornthwaite boundary lies south of these towns. To the north, the Koppen
boundary lies south of Shwebo and extends up the Chindwin Valley tc a point iess
than 20 miles north of Monywa. The Thornthwaite boundary is located 20 miles
to the north of Shwebo and extends up the Chindwin to a point 45 miles beyond
Monywa. The total area included within the Thornthwaite C,/C; boundary is
approximately 60 percent larger than the area enclosed by the Kdppen B/H
boundary and includes considerable area recognized by Burmese specialists as
lying outside of the Dry Belt.

The Dry Belt is usually described as an area where rice is not raised without
irrigation and where agriculture is characterized by a great diversity of crops
including an important emphasis on pulses, sesamum and groundnuts. In light
of this distinction the following table is of ccnsiderable interest.

1. Thornthwaite, C. W., “An Approach Toward a Rational Classification of Climate”, Geographical Review,
Jan. 1948, pp. 55-94.

Table 9
Dry Belt Crop Areas*
Thayetmyoc Dist. Minbu Dist.

Irrigated area 5,500 acres 132,000 acres
(Major crops)

Rice 78,000 125,000
Pulses 16,000 45,000
Sesamurn 65,000 61,000
Groundnuts 13,000 10,000

*Data compiled from: Season and Crop Report for the Union of Burma for the Year Erding 30th Juns,

1958, Superintendent Government Printing and Stationery, Rangoon 1940. (in Burmese)
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Clearly a major portion of the rice in Thayetmyo District is not irrigated while
that of Minbu is. Thus Thayeimyo is outside of the Dry Belt despite the importanze
of sesamum, puises and groundnuts in the province. These latter crops indicate
conditions approaching those of the Dry Belt and indicate a locarion close t. the
border. Thayetmyo District weuld be included in the Dry Beli using the Thorn-
thwaite C,/C, border and excluded from the Dry Belt using the Thornthwaite
C,/D divide.

Map 31 also shows the Thornthwaite C,/D boundary. This includes an area
emailer than the recognized Dry Beit. The contraction is particulacly noticeable in
Kyaukse, Shwebo and Minbu Districts where irrigated rice is very important.
Neither of the Thornthwaite lines appears adequate to define the Dry Belt precisely.

For purposes of cbserving Gifferences in size and location of the water deficit
3rea from year to year it was decided to use the C;/D boundary rather than the
C,/C, divide. The choice of the C,/D boundary was also made in an attempt to
delirate the core area of the Dry Belt.

The next step was to prepare maps showing the Thornthwaite and the Koppen
divides as based on “niormal” rainfali and temperature data and at the median
position for the eleven year study period. “Normal” daia is that supplied by
Burma’s Dept. of Metecrology and is based on records varying from a minimum
of 10 vears to 3 maximum of 74 years for individus! stations. The average length
of record is 43 years.

The median location of the ciimate divides was arrived at by plotting the
divide for each of the eleven y2ars under study, superimposing the eleven maps
and drawing a new line based cn the median position of the eleven yearly lines.
Map 22 shows ithe ncrmal and median lines according to Kdppen and map 33
does the same for the Thornthwaite system.

The normal and 1950-1960 median lines according to the Kdppen system
inciude apprcximately the same total area and show only minor variations in
location as may be seen on map 32. The Thornthwaite system on the other hand
shows major differencas between the normal and the median, with the median
location including 85 percent greater area than the normal. The extension is
particularly noticeable near Kyaukse. This was apparently caused by the fact that
while yearly fotal rainfall was below normal during the 1950-1960 period this
deficiency was most marked in the month of October which, according to “normal”
data, is the wettest month of the year. Table 9 shows that of the ten years for
which data is available Ngapyaung Wier, six miles east of the town of Kyaukse,
showed above average rainfall only twice and significantly below average rainfall
seven times during October.

The next step was to use the two systems of classification to identify the core
area and the absolute outer limits of the Dry Belt. The core area was taken to be
that area which during the eleven study years fell continually within the dry
region and never enjoved a single wet year. The absolute outer limit of the Dry
Belt includes all areas which were inside the boundary at least once during the
study period.

Again interesting contrasts were observed. The maximum extent of the dry
zone was strikingly similar. KSppen's boundary extended scmewhat further south
in both the Irrawaddy and the Sittang Valleys. In the irrawaddy the maximum
limit approached within 15 miles of Prome, some 40 miles south of the Thorn-
thwaite limit, while in the Sittang Valley the maximum limit fell 20) miles north
of Pyinmana, 10 miles south of the Thornthwaite boundary. In other areas the
maximum extent cf the two was so close that measurements of the differences
were not considered as significant

In terms of gross area covered the outer limit of the K&ppen B/H boundary
enciosed 19,250 square miles while Thernthwaite’s C,/D boundary covered 17,250
square miles or 2,000 less than the former system.

The core areas of the 2 systems showed marked contrasts, with the KSppen
core area being of considerable extent and ccvering what, according to the
literature, is the traditional center of the Dry Belt, KSppen's core area covers 2,430
square miles or 13 percent of the maximum dry area for the 11 year period.

Thornthwaite’s core area is far smaller than Kdppen’s and excludes such
traditional Dry Belt centers as Pagan, Pakokku and Myingyan. This core area

covers only 257 square miles or only 1.5 percent of the maximum extent of dry
areas.
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Tadle 10.

Ngagyaung Wier (E cf Kyaukse)
Rainfall in inches

3 Months Yearly

Sepz. Cc: NKowv. Total Total

“Noemal™ 503 6.5¢ 1.89 13.4¢ 32.61
1950 10.03 Lo 381 2293 £0.84
1951 £.02 9.57 0.00 1359 2487
1952 243 6.78 235 1156 z¢.37
1953 1.66 49i 1.48 8.05 2951
1954 479 496 0.0 975
1955 5.81 1.50 4.60 11.91 2957
1956 6.63 5.03 0.61 1227 26.23
1957 5.i1 1.9 0.00 7.1¢ 19.47
1958 na. n.a. n.a. n.a. n.a.
1959 477 33 0.60 8.03 26.21
1960 5.60 5.89 0.00 11.49 217
Tozal 5090 5500 12.35 118.78 241.24
Averag= for

10 Years 3.99 5.50 1.29 11.88 Z6.80
Change from

Normal <05 —1.04 —.&0 —1.58 —5.81
Percent Change

from Normal “+1 —16 —31 —12 —i8

KSppen'’s core area 1s adz like in shape as may bte seen on map 34. It extends

south of Mandsiay some 50 miles and covers both sides of the Irrawaddy Valley
from Sagaing, just scuth of Mandalay, past the junctions of both the fu and the
Chindwin Rivers to a point & few miles south of Pagan. The Thornthwaite core
area, by contrast, is limited to a small iriangular area at the junction of the Mu with
the Irrawaddy, as is illustrated oy map 35.

A series of eleven climate year maps was constructed showing the ares
included in the Dry Belt by each system for each of the years. Four of these maps
representative of different conditions are reproduced as maps 36, 37, 38, and 39.
These four maps illustrate rather well the variations both in size and in location of
the Dry Belt from year to year. Perhaps more than anything else they demonstrate
that the “normal” and median boundaries showr on maps 32 and 33 have little
relationship to actual conditions in any given year. These four maps in turn
emphasize the importance of the maps of the core area and outer limits discussed
previously.

In 1951 the Dry Belt was considerably smaller than normal and was located
much further to the north. The north, east and west boundaries of K8ppen and
Thornthwaite match surprisingly well and differences are to be noted in the irra-
waddy and Sittang Valleys where the Thernthwaite boundary extends less further
south than does the Kdppen boundary. Of particular note is the fast that in 1951
Pagan and Pakokku, at the traditional core of the Dry Belt, both lie cutside of
Thornthwaite’s dry boundary. Note also the fact that Thornthwaite isolates five
stations along the Mandalay-Kyaukse axis to form an island of humid climate sur-
rounded by semi-arid conditions. This pattern is not revealed by KSppen.

In 1957 the K8ppen boundary enclosed almost its normal total area and
approximated its usual shape. It was, however, located south of its normal posi-
tion and included Thayetmyo in the Irrawaddy Valley and Yamethin in the
Sittang Valley.

This same year Thornthwaite’s semi-arid area was about 400 percent of its
normal size and extended far to the north and south of its normal location.




As was the case in 151, KSppen Emits extended south cf Thomtrwaite’s in
the Imawaddy 2nd Sitang Valleys. KSppen also indluded considerabie sections of
the Lower Chendwin Valley not induded within Thomttrwane's semi-asid Bowndzry.
Apm‘mﬂaiynmres:mgtea‘aemmrupsmmd'heﬂwhmae

bayond the KSppen boundery in the Shwebo District
between the lrrawaddy and the Mu Rivers. This extension of the Thomthwailc
boundary beyond the KSppan boundary is spparently due to the fact of a very
dry eacly and swddie rainy season followed by almcs® nine inches of rainfall in
Ocober. This was encugh predpitation so dassify Shwebo and sumrounding azeas
as Aw acoording to ihe Koppen system and thus exduede the regica from the Dry
Belt Sor the year 1957. In ihis example the very hesvy late season rains did not
cermpansate for the long dry and hot mid season acoording o the Thomthwaite
formula, and Shwebo was induded within the Dry Bel. Thus the more complex
Thornsthwaite system is shown 0 be more sensifive to seascnal charactesistics and
less strongly influenced by shoct term paiterns than is the KSppen system.

Maps 28 and 39 for 1953 and 1954 show rather close comrespordence
between the two systems with the Thomihwaite boundary enclosing a somewhat
smal!eraeamn‘hekcppm as is to be expecied. In 1954 an islaad of humid
dimate shows up in ihe central portion of the Chindwir: Vailev on both systems.
This resulted from very heavy August. September and October rainfall recordad
at several stations in the Llower Chindwin District. In this case the three month
pericd of above average predpitaticn more than compensated for below average
early summer rainfail.
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THE WATER BALANCE

Precipataticn and temperatuge are pesheps the most wmportan: ¢f the clunare
elesments in terms of man's use cf an arez. location a: @ syphoenprons site crin &
secticn subpt 30 frequens tomadoss has mduced man o modify soomewhas hus use
of certain areas, but such is net the case i Burme. Wind 25 a climate ewament by
ireeif has hnzle tnpace on kfe in Burma. Acmosghenic pressure, the founth weaiher
elamens:, alsc appaars to be cf ki conseguence o the people of Burma exceps in
shat pressure differences cause ihe develcpment of air flows winch in sura may
bring precipiaticn.

Frecgitation and remperature 2lom2, however, do no: add uwp o equzl she
re2l climate of any pan of the world, Perhaps in Busma, & couniry ¢f she “wer
monscen ropics”, bare dsta on rainfall and temperaiure s even less ysefel than
it would be for midlatitude counines. In Burma, with its promocunced rainfall
rhyshm, pericds cf massive waier surpluses altemarte with paricds of sericue and
prolcnged drovgns.

For a mere accurate picture of the volume of surplus sbove nsed and of the
seriousnass of the drough: pericd, a series of six water balance charns have been
construcied.

The stasions for a <tudy of the waier bslance were chosen on she basis of
geographical disiribution and completeness of available dzta. Akyzb represents
the westess and the most pronounced of she mensoon areas, Rangoon is typical of
conditicns in the vast Israwaddy Delta, Mandslay and Minbu 2re representative of
Dy Bel: conditions, Toungoo is midway between the heart of the Delta and the
core of the Dry Bel, while Taunggy: demoastrates conditicns on the important
Shan Uplard.

On these charts the normal precipitation, the poreniial evapoiranspiration and
the actual evapoiranspization ase ploited by months and connected by lines. In
months where the rainfall ic greater than the acival evapciransoiration the rain
thas falls either sozks into the soil and is held as ssii moisture or it runs off as
surface or underground drainage. in the case of Akyab “normal” data shows that
the first 6.89 :nches of rain to fall afier precipitation exceeds actual evapotranspira-
ticn (mid-April) is absorbed by the soil and is calied soi! mossture recharge. From
that time cn until approximately November 10 precipitation exceeds actual evapo-
transpiration and the difference betwean the two represents water surplus or
runoff. During this season Akyab enjoys 2 surplus cf 151.72 inches of rainfali.

Cnce rainfall drops below peotentiali evagpoiranspiration, moisture is drawn
from the scil. Under these conditions actual evapoiranspiration is always less than
potential evapotranspiration because moisture is released from the soil gradually
and moves either through the plants to be transpired or by cepillary action toward
the <oil suriace to be evaporated only siowly. During s© % periods moisture which
had been stored in the soil is released and is shown on the charts by horizontal
lines. Immediately following a pericd of water surplus the volume of soil moisture
is high and actual evapoiranspiration is only slightly iower than potential evapo-
transpiration, as may be seen by the December conditions at Akyab. The difference
between the potential evapotransgiration and the actual evapotranspiration repre-
sents the water deficit for the month and is shown with the heavy dot pattern.

As the dry season extends over longe- and lcnger periods the volume of
moisture stored in the =oi! and thus avaiiable for evapotranspiration becomes less;
actual evapotranspiration falls further and further belovs potential evapotranspira-
tion and the water deficit becomes larger. This is illustrated for the months of
February, March and Aprit at Akyab. Here the total scii moisture utilization for
the norma! vear is 6.89 inches (identical to the soii moisture recharge at the
beginning of rhe wer season) and the dry season water deficit equals 8.89 inches.

Mandelay provides a very interesting example of conditions in the Dry Belt
where a water deficit exists throughout the year. At no month in a norma! year
does precipitation equeal the potential evapotranspiration. Here the plants are not
able 1o make use of any significant volume of moisture stored in the soil from

1 For a detailed discusston of the methcd used see- Thornthwarte, C. W. and J R. Mather, “The Water
Bslance”, Publications in Climatology, Drexel Institute of Technology, Laboratory of Climatology, Vol
VIl, no 1, 1955 See also by the same authors in the same teries: “Instructions and Tables for
Computing Potenhal Evapotranspiration and the Water Balance’, Vol. X, no. 3, 1957
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a wetter pericd and mwst ceiy toltally wvpon the precipitation that actually falls.
Maxch of this moisture is absorbed by she vpoer layers of the soil and is evaporated
rapidly frem the scrface or transpired by ihe planis. Predpitation makes no
significan? contributicn 10 soil moisture siorage in any month during a normal year
and a moisture deficiency is the rule. Actuel water defdr totals 30.73 inches
annually with April, March and July, in that order, baing the months of most
senous drovght.

Clearly the capacity of the scif ro resain mosture is 3 functicn of the type of
soil involved and the charactes of the vegatation. A fine sandy sail is nct abie 1o
hold as much moisture as is 3 heavy day soil.

By ihe same token it is also dear tha: crops such as spinach, beans, beets and
iettuce, being very shallow rocted, are able 1o utilize mcicture from only a thin
layer of surface soil while 2 dosed mature forest has a mo! system extending
many feet below the surface and is able 1o utilize scil moisture to a considerable
depth. For purposes of the wa'zr balance charts presented here, soil and aop type
were assumed to Le similar at ail stations. The scil is of a clay lozm variety found
throughout Burma and the crops were limited to moderately deep-rocted types
such as rice, millet, cotton and tcbacco.

Root penetraticn: depends not only on the crop but alse on the type of soil.
Thornthwaite and Mather indicate that for the soi! and vegetation types postulated
above the oot zone extends approximately 2.67 feet beiow the surface. This was
the figure utilized in the construction of the charts.
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